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(57) ABSTRACT 

A color-mixing ?xing device includes a ?rst ?xing rotary 
member, and a second ?xing rotary member for forming a 
nip together with the ?rst ?xing rotary member. After toner 
images of a plurality of colors stacked on one surface of a 
recording medium are ?xed by a nip, toner images of a 
plurality of colors stacked on the other surface of the 
recording medium are ?xed by the nip, thereby forming 
full-color images on both the surfaces of the recording 
medium. Each of the ?rst and second ?xing rotary members 
has a surface rubber layer with an impact resilience of 50% 
or less. 

4 Claims, 5 Drawing Sheets 
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COLOR-MIXING FIXING DEVICE IN 
WHICH IMPACT RESILIENCE OF SURFACE 
LAYER OF FIXING ROTARY MEMBER IS 

50% OR LESS 

This is a continuation application under 37 CFR 1.62 of 
prior application Ser. No. 08/024,160, ?led Feb. 26, 1993 
noW abandoned. 

This is a continuation application under 37 CFR 1.62 of 
prior application Ser. No. 08/276,767, ?led Jul. 18, 1994 
noW abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a ?xing device for use in 

an image forming apparatus, such as a copying machine and 
a printer, and, more particularly, to a ?xing device for use in 
an image forming apparatus capable of forming full-color 
images on both surfaces of a recording medium. 

2. Related Background Art 
A heat roller system has been Widely used as a ?xing 

device, in Which ?xing is performed for a recording medium 
that carries an un?xed image by clamping and conveying the 
medium betWeen a pair of rotary members, at least one of 
Which is heated. 

In this heat roller system, a rubber layer consisting of, 
e.g., silicone rubber is formed on one of the rotary members 
in order to obtain a predetermined nip Width. 

It is considered preferable to use rubber having a high 
impact resilience as the rubber for this rotary member of a 
?xing device because such rubber is excellent in conveyance 
properties. For this reason, this sort of rubber is used in 
many black-and-White image forming apparatuses. 

In full-color image forming apparatuses, on the other 
hand, it is preferable to use rubber layers on both ?xing 
rollers of the roller pair because, in these apparatuses, 
multiple toner layers are formed and so the total thickness of 
toner layers is large. 

In formation of full-color images on both surfaces of a 
recording medium, hoWever, the use of high-impact 
resilience rubber encounters the folloWing problems. 
An un?xed toner image of full color is formed by multiple 

layers of several color toners, and so the layer thickness of 
a ?xed image is larger than that of a black-and-White image. 
Therefore, When a recording medium enters the nip portion 
in order to perform ?xing of the second surface, the uneven 
ness of the image already ?xed on the ?rst surface causes 
slight changes in angle and rate of entering and vibrations of 
the recording medium, thus disturbing the image on the 
second surface. In addition, since a full-color image consists 
of multiple layers as described above, formation of full-color 
images requires a larger heating amount than that for black 
and-White images. Furthermore, in order to improve color 
mixing properties, a toner having good melt properties is 
used as a color toner. This increases the coating amount of 
a release agent for preventing offset With respect to the 
rotary members compared to those in apparatuses for black 
and-White images. In the ?xing device of a full-color image 
forming apparatus, therefore, there is a possibility that the 
surfaces of the rotary members deform under the in?uences 
of, e.g., long-term heating and a release agent, and the 
disturbance in an image described above becomes signi? 
cant due to the deformation. That is, the ?xing device of a 
full-color image forming apparatus is unsuitable for a long 
term operation although the qualities of images are good in 
early stages. 
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2 
SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
color-mixing ?xing device capable of forming full-color 
images on both surfaces of a recording medium. 

It is another object of the present invention to provide a 
color-mixing ?xing device Which does not disturb an image 
in color mixing on the second one of the tWo surfaces. 

It is still another object of the present invention to provide 
a color-mixing ?xing device in Which the impact resilience 
of a rubber layer on the surface of each of a pair of ?xing 
rotary members is 50% or less. 

Other objects of the present invention Will become appar 
ent in the folloWing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional vieW shoWing a schematic arrange 
ment of a device according to the ?rst embodiment of the 
present invention; 

FIG. 2 is a sectional vieW shoWing a schematic arrange 
ment of a device according to the second embodiment of the 
present invention; 

FIG. 3 is a sectional vieW shoWing a schematic arrange 
ment of a device according to the third embodiment of the 
present invention; 

FIG. 4 is a sectional vieW shoWing an image forming 
apparatus using the ?xing devices of the embodiments of the 
present invention; and 

FIG. 5 is a graph for explaining the physical properties of 
a toner used in the embodiments of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 4 is a sectional vieW shoWing an image forming 
apparatus using ?xing devices according embodiments of 
the present invention, Which can form full-color images on 
both surfaces of a recording medium. 

This image forming apparatus can be roughly divided into 
three sections: a transfer medium conveying system I 
arranged from the right-hand side (the right-hand side of 
FIG. 4) of an apparatus main body 101 to a substantially 
central portion of the apparatus main body; a latent image 
forming section II arranged in substantially the central 
portion of the apparatus main body 101 and in the vicinity 
of a transfer drum 115 that constitutes the transfer medium 
conveying system I; and a developing means, i.e., a rotary 
developing unit III disposed near the latent image forming 
section II. 

The transfer medium conveying system I has the folloW 
ing arrangement. Opening portions are formed in the right 
hand Wall (the right-hand side of FIG. 4) of the apparatus 
main body 1. Detachable transfer medium supply trays 102 
and 103 are inserted into these opening portions so as to 
partially project outside the apparatus. Paper supply rollers 
104 and 105 are disposed substantially immediately above 
these trays 102 and 103, respectively. Paper feed rollers 106 
and paper guides 107 and 108 are arranged to connect the 
paper supply rollers 104 and 105 With the transfer drum 115. 
The transfer drum 115 is a transfer means arranged on the 
left-hand side of the apparatus and rotatable in a direction 
indicated by an arroW A. In the vicinity of the outer 
circumferential surface of the transfer drum 115, a stop roller 
109, a gripper 110, a transfer medium separating charger 
111, and a separating claW 112 are arranged in sequence 
from the upstream side to the doWnstream side in the 
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direction of rotation. In addition, a transfer charger 113 and 
a transfer medium separating charger 114 are disposed on 
the side of the inner circumferential surface of the transfer 
drum 115. A transfer sheet (not shoWn) consisting of poly 
vinylidene ?uoride or the like is pasted on a portion of the 
transfer drum 115 on Which a transfer medium is to be 
Wound. A transfer medium is in electrostatically tight con 
tact With the transfer sheet. A conveyor belt means 116 is 
located above and on the right-hand side of the transfer drum 
115, in the vicinity of the separating claW 112. A ?xing 
device 118 is arranged at the terminal (right-hand) end in the 
direction of conveyance of a transfer medium of the con 
veyor belt means 116. On the doWnstream side in the 
conveyance direction farther from the ?xing device 118, a 
paper delivery tray 117 detachable With respect to the 
apparatus main body 101 is disposed to extend outside the 
apparatus main body 101. 

The arrangement of the latent image forming section II 
Will be described beloW. A photoconductor drum 119 as a 
latent image carrier rotatable in a direction indicated by an 
arroW B in FIG. 4 is arranged With its outer circumferential 
surface in contact With the outer circumferential surface of 
the transfer drum 115. In a portion above the photoconductor 
drum 119 and close to the outer circumferential surface of 
the drum 119, a charge removal charger 120, a cleaning 
means 121, and a primary charger 123 are arranged in 
sequence from the upstream side to the doWnstream side in 
the direction of rotation of the photoconductor drum 119. In 
addition, in order to form an electrostatic latent image on the 
outer circumferential surface of the photoconductor drum 
119, an image exposing means 124, such as a laser beam 
scanner, and an image-exposure re?ecting means 125, such 
as a mirror, are also provided. 

The arrangement of the rotary developing unit III is as 
folloWs. A rotatable housing (to be referred to as a “rotary 
member” hereinafter) 126 is disposed at a position opposing 
the outer circumferential surface of the photoconductor 
drum 119. Four types of developing devices are arranged in 
the rotary member 126 at four positions in the circumfer 
ential direction of the rotary member 126. These developing 
devices visualiZe (i.e., develop) an electrostatic latent image 
formed on the outer circumferential surface of the photo 
conductor drum 119. The four developing devices are a 
yelloW developing device 127Y, a magenta developing 
device 127M, a cyan developing device 127C, and a black 
developing device 127BK. 

The sequence of the Whole image forming apparatus With 
the above arrangement Will be brie?y described beloW by 
taking an operation of a full-color mode as an example. 
When the photoconductor drum 119 rotates in the direction 
of the arroW B in FIG. 4, a photoconductor on the drum 119 
is uniformly charged by the primary charger 123. In the 
apparatus of FIG. 4, the operating speed (to be referred to as 
a process speed hereinafter) of each component is 160 
mm/sec. After the primary charger 123 uniformly charges 
the photoconductor, image exposure is performed by a laser 
beam E modulated by a yelloW image signal of an original 
128, thereby forming an electrostatic latent image on the 
photoconductor drum 119. This electrostatic latent image is 
developed by the yelloW developing device 127Y already 
located at a developing position by the rotation of the rotary 
member 126. 
A transfer medium that has been conveyed through the 

paper guide 107, the paper feed roller 106 and the other 
paper guide 108, is gripped by the gripper 110 at a prede 
termined timing and electrostatically Wound on the transfer 
drum 115 by the stop roller 109 and an electrode arranged to 

10 

15 

25 

35 

45 

55 

65 

4 
oppose the stop roller 109. Since the transfer drum 115 
rotates in the direction of the arroW A in FIG. 4 in synchro 
nism With the photoconductor drum 119, the image devel 
oped by the yelloW developing device 127Y is transferred by 
the transfer charger 113 at the contact portion betWeen the 
outer circumferential surfaces of the photoconductor drum 
119 and the transfer drum 115. The transfer drum 115 
continues rotating to prepare for transfer of the next color 
(magenta in FIG. 4). 
The photoconductor drum 119, on the other hand, is 

discharged by the charge removal charger 120 and cleaned 
by the cleaning means 121 making use of a conventional 
blade process. Thereafter, the photoconductor drum 119 is 
charged again by the primary charger 123 and subjected to 
the image exposure as described above by a magenta image 
signal as the next signal. While an electrostatic latent image 
is formed by the magenta image signal on the photoconduc 
tor drum 119 during the image exposure, the rotary devel 
oping unit rotates to set the magenta developing device 
127M at the predetermined developing position described 
above, performing predetermined magenta development. 
Subsequently, the above process is executed for each of cyan 
and black colors to complete transfer of the four colors. The 
four-color image formed on the transfer medium is charge 
removed by the chargers 120 and 114, and the transfer 
medium is released from gripping by the gripper 110 and 
separated from the transfer drum 115 by the separating claW 
112. The separated transfer medium is conveyed to the ?xing 
device 118 by the conveyor belt 116, and the image is ?xed 
by heat and pressure, thereby completing the Whole full 
color print sequence. The transfer medium is delivered by 
paper delivery rollers 152, and a predetermined full-color 
print image is obtained. 
A toner used in this image forming apparatus Will be 

described beloW. 
Since this full-color toner is required to be excellent in 

melt properties and color mixing properties When applied 
With heat, a sharp-melt toner having a loW softening point 
and a loW melt viscosity is used. The use of this sharp-melt 
toner Widens the range of color reproducibility of copied 
products, making it possible to obtain high-?delity color 
copies of a multi-color or full-color image of an original. 
The sharp-melt toner is manufactured by melt-kneading, 

grinding, and classifying toner forming materials, e.g., a 
binder resin such as a polyester resin or a styrene-acrylester 
resin, a coloring agent (a dye or subliming dye), and a charge 
control agent. If necessary, an addition step of adding 
various additives (e.g., hydrophobic colloidal silica) to the 
toner may also be performed. As such color toner, a toner 
using a polyester resin as the binder resin is particularly 
preferable When ?xing properties and sharp-melt properties 
are taken into account. An example of the sharp-melt poly 
ester resin is a polymer compound synthesiZed from a diol 
compound and carboxylic acid and having an ester bond on 
a main chain of a molecule. 

A more preferable example is a polyester resin obtained 
by co-condensation polymeriZation of a bisphenol derivative 
represented by: 

CH3 

CH3 

(Wherein R represents an ethylene or propylene group, each 
of x and y represents a positive integer of 1 or more, and an 
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average value of x+y is 2 to 10) or its substituent, as a diol 
component, and a carboxylic acid component (e.g., fumaric 
acid, maleic acid, maleic anhydride, phthalic acid, tereph 
thalic acid, trimellitic acid, and pyromellitic acid) consisting 
of any of carboxylic acids having valences of 2 or more, acid 
anhydrides thereof, and lower alkylesters thereof. This poly 
ester resin is preferable because of its sharp melt character 
istics. 

The softening point of the polyester resin is 75 to 150° C., 
preferably 80 to 120° C. 

FIG. 5 shoWs the softening characteristics of a sharp-melt 
toner containing this polyester resin as the binder resin. The 
measurement conditions Were as folloWs. 

A How tester CFT-500A (available from ShimaZu Corp.) 
Was used, and an extrusion load of 20 kg Was applied using 
a die (noZZle) 0.2 mm in diameter and 1.0 mm in thickness. 
After a preheating time of 300 seconds at an initial tem 
perature of 70° C., the temperature Was raised at a uniform 
rate of 6° C./min. to obtain a descending amount of plunger 
temperature curve (to be referred to as a softening S curve 
hereinafter) of the toner. In this case, 1 to 3 g of a ?ne 
poWder Were precisely Weighed to be used as the sample 
toner, and the sectional area of the plunger Was set at 1.0 
cm2. The softening S curve Was as shoWn in FIG. 5. As the 
temperature Was raised at the uniform rate, the toner Was 
gradually heated to start ?oWing (descending of plunger 
AQB). When the temperature Was further raised, the toner 
in a molten state largely ?oWed (BQC—>D), and the 
descending of the plunger then stopped (DQE). 

Aheight H of the S curve indicates the total ?oW amount, 
and a temperature T0 corresponding to a point C at H/2 
indicates the softening point of the toner. 

Whether a toner and a binder resin have sharp-melt 
properties can be checked by measuring an apparent melt 
viscosity of the toner or the binder resin. 
A toner or a binder resin possessing sharp-melt properties 

is de?ned as one satisfying the folloWing relations, assuming 
that a temperature at Which an apparent melt viscosity 
indicates 103 poise is T1 and a temperature at Which it 
indicates 5><102 poise is T2: 

The characteristic feature of a sharp-melt resin having the 
above temperature-melt viscosity characteristics is that the 
resin causes an extremely sharp reduction in viscosity When 
heated. This reduction in viscosity brings about appropriate 
mixing of the uppermost toner layer and the loWermost toner 
layer and abruptly increases the transparency of each toner 
layer itself, causing good subtractive mixing. 
A double-side copying operation Will be described beloW. 
The image forming apparatus also includes paper resup 

ply rollers 150 and a conveyance passage 151 for resupply 
ing paper. 

Atransfer medium, Which is developed in the developing 
unit III and carries an un?xed toner image on its surface, is 
conveyed by the conveyor belt means 116, and the image is 
?xed by a ?xing roller 129 and a pressure roller 130. 
Thereafter, the transfer medium is delivered to the paper 
delivery tray 117 by the paper delivery rollers 152. 

The transfer medium thus delivered is manually inserted 
into a manual insertion port and resupplied by the paper 
resupply rollers 150. The-transfer medium is conveyed 
again to the latent image forming section II through the 
conveyance passage 151, and a color image is formed on the 
loWer surface of the medium in the same manner as for the 

10 

15 

25 

35 

45 

55 

65 

6 
upper surface. The transfer medium that carries the ?xed 
color image on its upper surface and an un?xed color toner 
image transferred to its loWer surface is conveyed to the 
?xing roller 129 and the pressure roller 130 by the conveyor 
belt means 116 and subjected to ?xing. Finally, the transfer 
medium is delivered to the paper delivery tray 117, thereby 
completing the double-side color copying. 
The ?xing device of this embodiment Will be described 

beloW. 
Referring to FIG. 1, a ?xing roller 1 is formed by coating 

2-mm thick addition silicone rubber 6 according to the 
present invention on the outer circumferential surface of an 
aluminum mandrel 5. Apressure roller 2 is arranged beloW 
the ?xing roller 1. The pressure roller 2 is formed by coating 
a 1-mm thick layer of addition silicone rubber 9 according 
to the present invention on the outer circumferential surface 
of an aluminum mandrel 7. These tWo rollers are urged 
against each other and rotated in a direction indicated by an 
arroW b in FIG. 1 by a driving means (not shoWn). Ahalogen 
heater 10 as a heating source is arranged inside the ?xing 
roller 1. A control means (not shoWn) senses the temperature 
of the ?xing roller 1 by using a thermistor 16 in contact With 
the ?xing roller 1, and controls intermittent poWer supply to 
the halogen heater 10. In this manner, the temperature of the 
?xing roller 1 is kept at a predetermined temperature (170° 
C.) suitable for ?xing an un?xed toner image 13 on a 
recording medium 14. In addition, a cleaning unit 4 for 
removing toner that is offset to the surface of the ?xing roller 
1 is arranged above the ?xing roller 1. A press roller 18 of 
the cleaning unit 4 brings a nonWoven fabric 19 into contact 
With the surface of the ?xing roller 1. 

In the ?xing device of this embodiment With the above 
arrangement, the recording medium 14 carrying the un?xed 
toner image 13 is conveyed in a direction indicated by an 
arroW a in FIG. 1 by a conveyor means (not shoWn) and 
inserted into a tight-contact portion (to be referred to as a nip 
portion hereinafter) betWeen the ?xing roller 1 and the 
pressure roller 2 that are rotated in the direction of the arroW 
b in FIG. 1. The un?xed toner image 13 carried by the 
recording medium 14 is ?xed on it by heat that is supplied 
from the halogen heater 10 via the ?xing roller 1 and 
controlled at a predetermined temperature. 
The compositions of the toners used in this embodiment 

are as folloWs. 

1. Magenta toner 
Pigment C. I. Solvent red 49 
Dye C. I. Pigment red 122 
Charge control agent 
Additives 
With respect to 100 parts by Weight of a 
polyester-based main binder. 
2. Cyan toner 
Phthalocyanine pigment 
Charge control agent 
Additives 
With respect to 100 parts by Weight of a 
polyester-based main binder. 
3. Yellow toner 
C. I. Pigment yelloW 17 
Charge control agent 
Additives 
With respect to 100 parts by Weight of a 
polyester-based main binder. 
4. Black toner 
Carbon black 
With respect to 100 parts by Weight of a 
polyester-based main binder. 

4 parts by Weight 
0.7 parts by Weight 
4 parts by Weight 

5 parts by Weight 
4 parts by Weight 

5 parts by Weight 
4 parts by Weight 

5 parts by Weight 



US 6,701,121 B2 
7 

In this embodiment, a full-color image is formed by 
mixing the above color toners. Therefore, since the thickness 
of the toner layers on a recording medium is large, an image 
disturbance occurs if the impact resiliences of the surface 
layers of the ?xing roller 1 and the pressure roller 2 are too 
high. 

This embodiment uses addition silicone rubber that con 
sists of 40 parts by Weight of an end-vinyl-hindered straight 
chain dimethylpolysiloxane With a viscosity of 100,000 
poise and 60 parts by Weight of resinous 
organopolysiloxane, as a ladder polymer, and has an impact 
resilience of 40%, for both the ?xing and pressure rollers. 

The comparison test conducted for the rollers of this 
embodiment and rollers having different impact resiliences 
Will be described beloW. The rollers used as objects of 
comparison Were: a roller pair in Which the impact 
resiliences of both ?xing and pressure rollers Were 70%; a 
roller pair @ in Which the impact resiliences of both ?xing 
and pressure rollers Were 60%; a roller pair @ in Which the 
impact resilience of a ?xing roller Was 70% and that of a 
pressure roller Was 40%; and a roller pair @ in Which the 
impact resilience of a ?xing roller Was 60% and that of a 
pressure roller Was 40%. These roller pairs Were compared 
by a durability test of forming full-color images on both 
surfaces of a recording medium. Note that all the rollers had 
the same deformation characteristic on the roller surfaces. 
The rotational speed of each of the ?xing and pressure 
rollers Was 90 mm/sec. 
Results of Test 

Roller pair (D (the impact resiliences of both the rollers 
Were 70%) 
Image disturbance Was found from the beginning. 

Roller pair @ (the impact resiliences of both the rollers 
Were 60%) 
Image disturbance occurred upon making 5,000 copies. 

Roller pair @ (the combination of 70% and 40%) 
Image disturbance occurred upon making 10,000 copies. 

Roller pair @ (the combination of 60% and 40%) 
Image disturbance occurred upon making 20,000 copies. 

Roller pair of the present invention (the impact resiliences of 
both the rollers Were 40%) 
No image disturbance Was found even upon making 

50,000 copies. 

As is apparent from the above test results, the embodi 
ment of the present invention could form good images free 
from image disturbance. The test Was also conducted under 
the same conditions using several different impact resil 
iences. As a result, it Was found that occurrence of image 
disturbance could be prevented over long periods of time if 
the impact resiliences of both the ?xing and pressure rollers 
Were 50% or less. 

If, hoWever, the impact resiliences Were too loW, large 
deformation occurred Within a short time period, and con 
sequently gloss variations Were caused in images by defor 
mation on the roller surfaces or conveyance of recording 
media became unstable. 

The folloWing is the test result of a roller pair @ in Which 
the impact resiliences of both the rollers Were 29%. 

Roller pair @ (the impact resiliences of both the rollers 
Were 29%) 
Gloss variations Were caused by an initial roller 

deformation, although no image disturbance Was found 
even upon making 50,000 copies. 
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For this reason, it is more preferable to set the impact 
resilience at 30% or more. 

FIG. 2 shoWs a ?xing device according to another 
embodiment of the present invention. 

Note that the same reference numerals as in the ?rst 
embodiment denote the same parts in this second embodi 
ment and a detailed description thereof Will be omitted. 
A ?xing roller 1 of this embodiment is equipped With a 

release agent coating unit 3 located at a predetermined 
position of the ?xing device in order to improve the release 
properties of the toners With respect to the surface of the 
?xing roller. This release agent coating unit 3 feeds silicone 
oil 12 contained in an oil tank up to a release agent coating 
roller 11 via feed rollers 21 and 22 and coats the silicone oil 
12 on the ?xing roller 1 While controlling the coating amount 
by using a blade 20. The release agent coating unit 3 can 
move aWay from and close to the ?xing roller 1. In this 
embodiment, the release agent coating is started When a 
recording medium 14 moves to a position 1 cm before the 
nip and continued until the trailing end of the recording 
medium 14 moves 1 cm aWay from the nip. The other 
arrangement is the same as the ?rst embodiment. The 
rotational speed of each of the ?xing and pressure rollers is 
also the same as in the ?rst embodiment, 90 mm/sec. 
When the same test as in the ?rst embodiment Was 

conducted in this embodiment, the degree of deformation 
became larger than that in the ?rst embodiment oWing to the 
use of silicone oil, and consequently the results of the 
individual roller pairs also became Worse than those in the 
?rst embodiment. Note that the degrees of deformation of 
the individual rollers, including those of this embodiment, 
Were about the same in the test. 

As described above, the results of the roller pairs (D to @ 
Were Worse than those in the ?rst embodiment, but the roller 
pair of this embodiment could achieve the same result free 
from image disturbance as in the ?rst embodiment. 
The test result of the roller pair @ in Which the impact 

resiliences of both the rollers Were 29% Was as folloWs. 
Roller pair @ (the impact resiliences of both the rollers 

Were 29%) 
Gloss variations Were caused by an initial roller 

deformation, although no image disturbance Was found 
even upon making 50,000 copies. 

FIG. 3 shoWs a ?xing device according to still another 
embodiment of the present invention. 

This embodiment is different from the above second 
embodiment in that a pressure roller 2 also includes a heater 
24 and a thermistor 16 is brought into contact With the 
pressure roller 2, and that the rotational speed of each of the 
?xing and pressure rollers is set at 120 mm/sec. The same 
test as in the second embodiment Was also conducted in this 
embodiment. 

In this embodiment, in order to check the in?uence of a 
difference in impact resilience, a comparison test Was con 
ducted by using addition silicone rubber that consisted of 20 
parts by Weight of end-vinyl-hindered straight-chain dim 
ethylpolysiloxane With a viscosity of 100,000 poise and 80 
parts by Weight of resinous organopolysiloxane, as a ladder 
polymer, and had an impact resilience of 46%. 

The comparison test of the rollers of this embodiment and 
the rollers having different impact resiliences Will be 
described beloW. The rollers used as objects of comparison 
Were: a roller pair (D in Which the impact resiliences of both 
?xing and pressure rollers Were 70%; a roller pair in 
Which the impact resiliences of both ?xing and pressure 
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rollers Were 60%; a roller pair @ in Which the impact 
resilience of a ?xing roller Was 70% and that of a pressure 
roller Was 40%; and a roller pair @ in Which the impact 
resilience of a ?xing roller Was 60% and that of a pressure 
roller Was 40%. These roller pairs Were compared by a 
durability test of forming full-color images on both surfaces 
of a recording medium. Note that all the rollers had the same 
deformation characteristic on the roller surfaces. Note also 
that the rotational speed of each of the ?xing and pressure 
rollers Was 90 mm/sec. 
Results of Test 

Roller pair @(the impact resiliences of both the rollers Were 
70%) 
Image disturbance Was found from the beginning. 

Roller pair @ (the impact resiliences of both the rollers 
Were 60%) 
Image disturbance occurred upon making 4,000 copies. 

Roller pair @ (the combination of 70% and 40%) 
Image disturbance occurred upon making 8,000 copies. 

Roller pair @ (the combination of 60% and 40%) 
Image disturbance occurred upon making 14,000 copies. 

Roller pair of the present invention (the impact resiliences of 
both the rollers Were 40%) 
No image disturbance Was found even upon making 

50,000 copies. 
Roller pair of the present invention (the impact resiliences of 

both the rollers Were 29%) 
No image disturbance Was found even upon making 

50,000 copies, but gloss variations Were caused by an 
initial roller deformation. 

Roller pair of the present invention (the combination of 40% 
and 60%) 

High-quality images free from image disturbance could 
be obtained even upon making 50,000 copies, but the 
direction of delivery from the nip Was unstable. 
As can be seen from the above test results, image distur 

bance can be prevented by setting the impact resiliences of 
the elastic layers on the surfaces of both the rollers at 50% 
or less. If, hoWever, the difference in impact resilience is too 
large, the direction of delivery of recording media from the 
nip becomes unstable, and so paper jam becomes more easy 
to occur. 

For this reason, the difference in impact resilience 
betWeen the surface elastic layers is preferably 5% or less, 
and most preferably 3% or less. 

Note that each of the above embodiments uses a roller 
obtained by forming a surface elastic layer on a mandrel, but 
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the present invention is also applicable to a roller With a 
multi-layer arrangement. 

That is, since a layer that has an in?uence on image 
disturbance is the surface layer, the impact resilience of the 
surface layer of each roller of a roller pair need only be set 
at 50% or less even in the case of the multi-layer arrange 
ment. 

Note that the measurement of impact resilience folloWs 
JIS K 6301. 

Although the embodiments of the present invention have 
been described above, the present invention is not limited to 
these embodiments but can be variously modi?ed Without 
departing from the spirit and scope of the invention. 
What is claimed is: 
1. A color-mixing ?xing device comprising: 

a ?rst ?xing rotary member have a surface silicone rubber 
layer and contacting With an un?xed image; and 

a second ?xing rotary member have a surface silicone 
rubber layer for forming a nip together With said ?rst 
?xing rotary member, 

Wherein after toner images of a plurality of colors stacked 
on one surface of a recording medium are ?xed at a nip, 

toner images of a plurality of colors stacked on the 
other surface of the recording medium are ?xed at the 
nip, thereby forming full-color images on both the 
surfaces of the recording medium, 

Wherein each of the surface silicone rubber layer of said 
?rst and second ?xing rotary members has an impact 
resilience of not more than 50% and a difference in the 
impact resilience betWeen said surface rubber layers of 
said ?rst and second ?xing rotary members is Within 
5%, and 

Wherein the surface silicone rubber layer of said ?rst 
?xing rotary member is thicker than that of the surface 
silicone rubber layer of said second ?xing rotary mem 
ber. 

2. A device according to claim 1, Wherein the impact 
resilience of said surface rubber layer of each of said ?rst 
and second ?xing rotary members is not less than 30%. 

3. A device according to claim 1, Wherein the difference 
in impact resilience betWeen said surface rubber layers of 
said ?rst and second ?xing rotary members is Within 3%. 

4. Adevice according to claim 1, Wherein both of said ?rst 
and second ?xing rotary members include internal heat 
sources. 
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